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57 ABSTRACT 
A thin film electroluminescent EL device drive circuit 
which is capable of applying an AC pulse signal to EL 
elements contained in the EL device to thereby perform 
high luminance drive of the EL devices and realize AC 
pulse drive. With such a drive circuit, it is possible to 
reduce supply current capacity and power consump 
tlOn. 
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1. 

THIN-FILM IELECTROLUMNESCENT DEVICE 
DRIVE CIRCUIT 

This application is a continuation of application Ser. 
No. 07/771,229, filed Oct. 4, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a thin film electrolu 
minescent (EL) device drive circuit which drives a thin 
film EL device in an EL display apparatus or an EL 
printer head by means of controlling the switching 
operation of thin film transistors (TFTs) which consti 
tute the thin film EL drive circuit. More particularly, 
the invention relates to a thin film EL device drive 
circuit and a method of driving the same, which allow 
a high voltage pulse drive to cause the thin film EL 
device to emit high luminance light. 
FIG. 1 is a circuit diagram showing an example of a 

conventional thin film EL device drive circuit in which 
thin film transistors are subjected to a switching opera 
tion. The circuit of FIG. 1 operates to drive a thin film 
electroluminescent element corresponding to one pic 
ture element. FIG. 2 is a schematic diagram showing an 
example of a electroluminescent display device (herein 
after referred to as an EL display device) in which a 
plurality of EL elements are arranged in a matrix form. 
FIG. 3 is a schematic diagram showing an example of a 
printer head in which a plurality of EL elements are 
arranged in an array, and one electrode of each EL 
element is connected commonly to a high voltage signal 
source Va for driving the EL elements. 
The circuit of FIG. 1 will be described in more detail. 
As shown in FIG. 1, the circuit includes a thin film 

transistor serving as a first switching element Q1, a 
storage capacitor Cs, a thin film transistor serving as a 
second switching element Q2 and an electroluminescent 
(EL) element CEL. In FIG. 1, one terminal of the stor 
age capacitor Cs is connected to a source terminal S1 of 
the first switching element Q1 whereas the other termi 
nal of the storage capacitor Cs is connected to the 
ground. A gate terminal G2 of the second switching 
element Q2 is connected to both one terminal of the 
capacitor Cs and the source terminal S1 of the first 
switching element Q1. A source terminal S2 of the 
second switching element Q2 is connected to the 
ground whereas a drain terminal D2 thereof is con 
nected to one terminal of the EL element CEL, the other 
terminal of which is connected to a power source Va 
for driving the EL element CEL. 
The first switching element Q1 turns on in response 

to a switching signal SCAN which is applied to the gate 
terminal G1 thereof so that the storage capacitor Cs is 
charged in accordance with an electroluminescent sig 
nal DATA. The first switching element Q1 is turned-off 
to thereby discharge the charge of the capacitor Cs. On 
the other hand, the second switching device Q2 is 
turned on when a discharge voltage of the storage ca 
pacitor Cs is applied to the gate terminal G2, to thereby 
causes the EL element CEL to emit a light with actua 
tion by the power supply Va. 
The EL display device will be described in detail 

with reference to FIG. 2 where mixin thin film EL 
device drive circuits are arranged in the matrix form. 
The gate terminal of the first switching element Q1 of 
each drive circuit arrayed in a horizontal direction is 
connected to a switching signal line Y to receive a 
switching signal SCAN. The drain terminal of the first 
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2 
switching element Q1 of each drive circuit arrayed in 
the vertical direction is connected to an information 
signal line X to receive an electroluminescent signal 
(data signal) DATA. The power supply Va is coupled 
to one end of the EL element CEL and one end of the 
capacitor Cs is connected to the ground level. This 
display device was proposed-in 20-lpi Electrolumines 
cent Display Panel by T.P.Brody, F.C. Luo, et al. in 
"IEEE Trans. Electron Devices. Vol. ED-22, No. 9, 
Sept. 1975, Pages 739-749'. 
The construction of the EL printer head in which the 

EL device drive circuits are arranged in the form of 
array will be described with reference to an equivalent 
circuit of the EL printer head shown in FIG. 3 and a 
schematic plan view of the EL printer head shown in 
FIG. 4. 
As shown in FIGS. 3 and 4, provided on an insulate 

substrate.1 made of glass and the like are an EL element 
array 2' including plurality of EL elements 2, a switch 
ing devices 3 which each include a thin film transistor 
(TFT) 3a provided corresponding to the EL element 2 
and a TFT3b for controlling the gate of the TFT3a, a 
switching device array 3' including the switching ele 
ments 3 the number of which corresponds to the num 
ber of the EL elements 2 in the EL device array 2', a 
matrix circuit 4 which has a matrix type wiring struc 
ture for connecting the wiring from the switching de 
vice array 3' to driver ICs, a data driver IC 5 which 
supplies the EL control data signal DATA to the drain 
electrode of TFT 3b of each switching element 3 
through the matrix circuit 4, and a strobe driver IC6 
which supplies a block control signal STROBE to the 
gate electrode of TFT 3b of said switching device 3. 
The operation of the EL printer head will be de 

scribed with reference to FIG. 3. 
Connected to each of the TFTs 3a constituting the 

switching element array 3' is the TFT 3b so that a plu 
rality of EL elements CEL form blocks each of which is 
driven by the data driver IC5 and the strobe driver IC6. 
More specifically, the TFTs 3b which are connected 

to the gate electrodes of the TFTs 3a commonly shares 
a gate line which connects to the gate electrodes of 
TFTs 3b so that the TFTs 3b are above to be simulta 
neously made conductive. The strobe driver IC6 is 
connected to the gate line to apply a block control pulse 
signal STROBE to the TFTs 3b. The drain electrode of 
each TFT 3b is connected to a data line to which the 
data driver IC5 is connected so that an EL control data 
signal DATA from said data driver IC5 is supplied to 
the drain electrodes of TFTs 3b. 
With the circuit shown in FIG. 3, when the pulse 

signal STROBE is applied to the gate electrodes of the 
TFTs 3b in one of the blocks, all of the TFTs 3b are 
rendered conductive to thereby allow the connection of 
the gate electrodes of the TFTs 3a and the data line to 
charge the storage capacitor Cs according to the pulse 
signal from the data driver IC5 through the data line. 
Then, as a result of the TFTs 3a being turned on due to 
the charge of the capacitor Cs, the EL elements CEL to 
which the power supply voltage Va is applied emit a 
light. This was also disclosed in "The Construction and 
Characterization of a 400-dpi Thin-film Electrolumines 
cence Edge Emitter" D. Leksell et al, Proceedings of 
the SID. Vol. 29/2, 1988. p147-p150. 

In the above-mentioned conventional thin film EL 
device drive circuit, a sine wave drive circuit is em 
ployed as a high voltage signal source Va. However, in 
view of the luminance characteristics with the EL drive 
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waveform, it is preferable to employ a pulse signal drive 
circuit in order to carry out high luminance electrolu 
minescence, which is capable of instantaneously supply 
ing a voltage. But, with such a pulse signal drive circuit, 
a large drive current capacity is required to obtain a 
sufficient rise characteristic of a high voltage signal for 
driving all EL devices load in a short period of time, 
resulting in preventing miniaturization of the signal 
source and reduction of power consumption. 

SUMMARY OF THE INVENTION 

In view of the above, an object of the present inven 
tion is to provide an apparatus for driving a thin film EL 
device, which is capable of accomplishing high lumi 
nance EL drive with a high voltage pulse signal and 
reducing a current supplied from a DC power supply to 
the thin film EL device drive circuit, to thereby realize 
a compact drive circuit system low in power consump 
tion. 
The above, and other objects of the present invention 

are met by the provision of the drive circuit comprising: 
a DC power source charging a storage capacitor, an 
electroluminescent (EL) means which emits a light in 
response to a charge applied from the storage capacitor, 
and means for controlling the charge and discharge of 
the storage capacitor to drive the electroluminescent 
means with an AC pulse drive signal, the AC pulse 
drive signal being produced by repeating alternate con 
nection of positive and negative terminals of the storage 
capacitor to the electroluminescent means each time 
after charging the storage capacitor. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the attached drawings: 
FIG. 1 is a circuit diagram showing an example of a 

conventional thin film EL device drive circuit; 
FIG. 2 is a schematic diagram showing an example of 

a display device; 
FIG. 3 is also a schematic diagram showing an exam 

ple of a printer head in which a plurality ofEL elements 
are arranged in array; 
FIG. 4 is a schematic plan view of the printer head 

shown in FIG. 3; 
FIG. 5 is a circuit diagram showing an embodiment 

of a thin film EL device drive circuit according to the 
present invention; 
FIG. 6 is a timing chart for explaining a method for 

driving an EL device with the thin film EL device drive 
circuit of FIG. 5; 

FIGS. 7 and 8(a) are circuit diagrams each showing a 
concrete example of the thin film EL device drive cir 
cuit shown in FIG. 5; 

FIG. 8(b) is a circuit diagram showing an equivalent 
circuit of a photo-coupling semiconductor relay which 
is used as control switches S1 to S6 in FIG. 8(a); and 
FIG. 9 is a circuit diagram showing a detailed circuit 

for generating control signals C1 to C6 applied to the 
circuit shown in FIGS. 7 and 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention will be de 
scribed below with reference to FIGS. 5 and 6. 
FIG. 5 is a circuit diagram showing an embodiment 

of a thin film EL device drive circuit according to the 
present invention. 

In FIG. 5, a reference character CELON designates a 
capacitor large having a capacity enough to cause all of 
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4. 
electroluminescent EL elements to emit light and the 
thin film EL device drive circuit is provided with a 
storage capacitor CQs having a at least as large as the 
total EL element capacity CELON. The positive termi 
nal (+) of the storage capacitor CQs is connected to a 
high voltage DC power source Vp through a control 
switch S1, and the positive terminal is further grounded 
through a control switch S3. The positive terminal of 
the storage capacitor CQS is connected through a con 
trol switch S4 to a common terminal A of the EL ele 
ments. That is, the positive terminal (--) of the storage 
capacitor Cosis connected to the electrodes on one side 
of all EL elements. 
More specifically, the total EL element capacity 

CELON represents a total capacity when a plurality of 
EL element drive circuits shown in FIG. 1 are con 
nected to form an EL device. 
On the other hand, as shown in FIG. 5, the negative 

terminal (-) of the storage capacitor CQs is grounded 
through a control switch S2 and the negative terminal 
thereof is connected to the common electrode A of the 
EL elements through a control switch S5. In other 
words, the negative terminal of the storage capacitor 
Cos is connected to electrodes on one side of all EL 
elements through the control switch S5. The common 
terminal A of the EL devices is grounded through a 
control switch S6. 
The total EL element capacity CELON is determined 

according to the area of each EL element CEL and the 
number of pixels. As mentioned previously, the capac 
ity of the storage capacitor Cosis at least as large as the 
total EL element capacity CELON. In this embodiment, 
such semiconductor switches as a MOS-FET and the 
like are used as the control switches S1 to S6. 
The driving method of the thin film EL element drive 

circuit will be described with reference to the timing 
chart of FIG. 6. The control switches S1 to S6 are 
selectively subjected to a switching operation at the 
timing as shown in FIG. 6. The switching operation is 
carried out based on a positive logic and thus a high 
level indicates the closed state of the control switches 
and a low level indicates the open state thereof, 
A period t1 is a charging period for charging the 

storage capacitor CQs initially, during which the con 
trol switches S1 and S2 are closed so that the storage 
capacitor Cosis charged by the DC power source Vp 
through the control switch S1. Meanwhile, the charge 
of the total EL element capacity CELON is discharged 
by closing the control switch S6. 
A period t2 is a positive polarity drive period during 

which the positive terminal of the storage capacitor 
Cosis connected the common terminal A by turning-off 
the control switches S1 and S6 and closing the control 
switch S4, so that the charge accumulated in the storage 
capacitor Cos is transferred to the total EL element 
capacity CELoN to thereby cause the EL elements to 
emit a light. 
A period t3 is a charging period for charging the 

storage capacitor CQs during which the control switch 
S4 is turned-off to suspend the supply of the charge to 
the total EL element capacity CELON and the control 
switch S1 is closed so that the DC power source Vp 
charges the capacitor CQs by the amount of charge 
transferred to the total EL element capacity CELoN. 
Meanwhile, the charge of the total EL element capacity 
CELON is discharged by closing the control switch S6. 
A period t4 is a negative polarity drive period during 

which the positive terminal of the storage capacitor 
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CoS is grounded by closing the control switch S3 and 
the negative terminal of the storage capacitor Cos is 
connected to the common terminal A by closing the 
control switch S5 to transfer the charge to the total EL 
element capacity CELON. As a result, the EL elements 
are subjected to negative polarity drive to cause the EL 
devices to emit a light. 
A period t5 which is similar to the period t3, is a 

charging period during which the control switches S1, 
S2 and S6 are closed to charge the storage capacitor 
CQs and to discharge from the total EL element capac 
ity CELON. 
When the EL devices are not emitting a light, the 

OFF resistance of the load capacity of all EL elements 
is extremely large and thus the EL elements can be 
deemed an open switch. Accordingly, the maximum 
value of the total EL element load capacity is made 
equivalent to the total capacity when all EL elements 
are emitting light and this capacity is regarded as the 
total EL element capacity CELON. 
The cycle of electroluminescence in the EL drive is 

expressed by the period of t2+t3 (= t4--t5) in FIG. 6. 
This cycle can be set as required at a frame frequency or 
over, regardless of the frame frequency for the display. 

In this embodiment, the frame frequency is set at 60 
Hz for instance and the frequency of the drive circuit is 
set to 180 Hz or over about three times the frame fre 
quency. 

In the period t2 during which the positive charge is 
transferred from the storage capacitor CQs to the total 
EL element capacity CELON, the initial charge of the 
total EL element capacity CELON is ZERO and the 
initial charge of the storage capacitor Cos is expressed 
by (CosXVp) where Cos represents the capacity of the 
storage capacitor and Vp represents the output voltage 
of the DC power source. Therefore, after the control 
switch S4 is turned on, the variation A Vp in potential 
appearing across the storage capacitor CQs is expressed 
by the following equation (1): 

AVp = {CELoN/(CELow-Cos)}X Vp (l) 

A voltage VEL necessary for the EL display is deter 
mined such that the potential variation A Vp and the 
voltage Vp of the DC power satisfy the relationship 
with regard to a threshold voltage VTEL of the EL 
element and a display modulation voltage VMOD and 
the voltage VEL is expressed by the following equation 
(2): 

VEL= VP-AVp2 VTEL-- VMOD (2) 

Accordingly, the set value of the DC power source 
Vp is determined so as to the minimum display lumi 
nance when all EL elements emit a light. 
In charging of the storage capacitor CQs during the 

period t3, a current value Ip supplied from the power 
source Vp is expressed by the equation (3) as follows: 

IP=AVpx Cos/t3 (3) 

Also in case of the negative polarity drive, the peri 
ods t4 and t5 can be similarly considered as the periods 
t2 and ts. 

In addition, the initial charging period t1 for the stor 
age capacitor Coscan be available as the charging per 
iod of the supply current value Ip since a high speed 
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6 
response is not required in actual use. The period t1 is 
expressed by the equation (4) as follows: 

t1 = YpX Cos/Ip (4) 

In this case, calculation with practical values can be 
carried out as an attempt. 

In case of the total EL element capacity CELON= 1 
uF, the storage capacity Cos=10 ur, the DC power 
source voltage Vp=200 V, the period t2= the period 
t4=40 us and the period t3=the period t5=960 us 
(t2-t3 = 1 ms, 1 KHz drive), the variation in potential A 
Vp and the supply current value Ip are as follows: 

Ip=18 Vx10 LF/960 sac0, 19 A 

Power consumption Pp is 5.7 W. 
In contrast, with the conventional thin film EL de 

vice drive circuit, a current Ia and a power consump 
tion Pain case of the sine wave drive are as given be 
low: 

Ia= p-co CELON-sin(cut--T/2) ...". Ia=200 
V2m x 1000/2.1 F=0.63 A peak 

Power consumption Pa is 40 W. 
With the conventional EL drive circuit in which a 

pulse signal is directly generated by a pulse signal gen 
erator, the current value Ia is required below the fol 
lowing value in order to carry out the charge transfer 
within the period t2=40 us. 

Ia= Vp. CELON/t2 ...Ia-200 V-1 LF/40 us=5A 

Specifically, as known from comparison of the supply 
current Ip=0.19 A in this embodiment and the sine 
wave current Ia=0.63 A in the conventional embodi 
ment and current Ia=5 A in use of the conventional 
pulse generator, the thin film EL device drive circuit in 
accordance with this embodiment can be made to have 
a low supply current capacity, and the power consump 
tion Pp=5.7 W in this embodiment can be considered 
substantially reduced as compared with the power con 
sumption Pa=40 W in the conventional sine wave 
drive. 
The initial charging period t1 of the storage capacitor 

Cosin the equation (4) is as shown below in comparison 
with Ip=0.19 A. 

t1=200 VX 10 LF/0.19 A=10.5 ms 

For the EL display apparatus, the initial charging 
time t1 = 10.5 ms is within an allowable range as a time 
from turning on of the power supply till the start of the 
display. 

60 

65 

In the application to the EL printer head, the total 
EL element capacity CELON (load capacity) is relatively 
small because the number of pixels is less than for the 
EL display apparatus. But the area per pixel is larger 
and higher luminance characteristic is required and 
therefore the drive frequency has to be adjusted. 

Accordingly, appropriate adjustments using the 
equations (1) to (4) in accordance with the total EL 
element capacity CELON and the period t to t5 will 
allow optimal adaptation to the EL printer head. 
Such a thin film EL device drive circuit as described 

hereinbefore allows for an AC pulse drive using a high 
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voltage DC power source Vp capable of supplying a 
high voltage drive signal to a common terminal A of 
EL elements contained in an EL device. In the drive 
circuit, a storage capacitor Cosis charged by the power 
source Vp and the positive and negative charges of the 
capacitor COs are alternately transferred to the EL 
elements by repeating such operations as charging the 
storage capacitor CQs using the DC high voltage source 
Vp, controlling the charge of the storage capacitor Cos 
with a plurality of control switches, connecting the 
positive terminal of the storage capacitor CQs to the 
common terminal A of the EL elements, charging again 
the storage capacitor CQs and connecting the negative 
terminal of the storage capacitor to the common termi 
nal A. This results in a high luminance drive, a ex 
tremely low supply current capacity of a drive signal 
source and lowing power consumption of the drive 
signal source, when compared with the conventional 
sine wave drive or the direct pulse drive. Further, it 
becomes possible to minimize the size of the drive signal 
SOCC. 

FIGS. 7 and 8(a) are circuit diagrams each showing a 
concrete example of the thin film EL device drive cir 
cuit shown in FIG. 5. In FIG. 7, P-ch and N-ch MOS 
FETs are used as the control switches S1 to S6 to meet 
with requirement for high speed drive. On the other 
hand, in case of an drive frequency Va being less than 
100 Hz, that is, in case of low speed drive, a photo-cou 
pling semiconductor relay may be replaced for the P-ch 
and N-ch MOSFETs, and a concrete example of the 
circuit employing such a photo-coupling semiconduc 
tor relay is shown in FIG. 8(a). FIG. 8(b) is also a cir 
cuit diagram showing an equivalent circuit of the 
photo-coupling semiconductor relay. 

FIG. 9 is a circuit diagram showing a detailed circuit 
for generating control signals C1 to C6 applied to the 
circuit shown in FIGS. 7 and 8. 

In the circuit shown in FIG. 9, upon the application 
of a power, a pulse signal representing till pulse width is 
first generated, and then the control signals C1 to C6 are 
generated. The frequency of the EL drive signal Va is 
obtained by subjecting a horizontal synchronization 
signal HD to frequency division in a counter and pulse 
signals representing t2 and tapulse widths are generated 
using a one-shot multivibrator. Thereafter, these signals 
are processed in the following logic circuit to produce 
the control signals C1 to C6, the waveform of which is 
shown in F.G. 6. 

In summary, since the present invention allows to 
apply an AC pulse signal to EL elements contained in 
an EL device to thereby perform high luminance drive 
of the EL device and realize AC pulse drive, it is possi 
ble to reduce the supply current capacity and power 
consumption. 
What is claimed is: 
1. A thin film electroluminescent device drive circuit 

comprising: 
an electroluminescent means for emitting light in 

response to an applied charge, said electrolumines 
cent means having first and second terminals, said 
first terminal being connected to a predetermined 
constant voltage; 

a storage capacitor, having a position terminal and a 
negative terminal, for accumulating a charge to 
supply to said electroluminescent means to provide 
high power to said electroluminescent means; 

a DC power source for charging said storage capaci 
tor; and 

10 

15 

20 

25 

30 

35 

45 

SO 

55 

60 

65 

8 
means for controlling the charge and discharge of 

said storage capacitor so as to drive said electrolu 
minescent means with an AC pulse drive signal, 
said AC pulse drive signal being produced by re 
peating alternate connection of the positive termi 
nal and the negative terminal of said storage capac 
itor to said electroluminescent means after each 
time said storage capacitor is charged. 

2. A thin film electroluminescent device drive circuit 
comprising: 
an electroluminescent means for emitting light in 

response to an applied charge, said electrolumines 
cent means having first and second terminals, said 
first terminal being connected to a ground; 

a storage capacitor, having a positive terminal and a 
negative terminal, for accumulating a charge to 
supply to said electroluminescent means to provide 
high power to said electroluminescent means; 

a DC power source for charging said storage capaci 
tor; and 

means for controlling the charge and discharge of 
said storage capacitor so as to drive said electrolu 
minescent means with an AC pulse drive signal, 
said AC pulse drive signal being produced by re 
peating alternate connection of the positive termi 
nal and the negative terminal of said storage capac 
itor to said electroluminescent means after each 
time said storage capacitor is charged. 

3. The thin film electroluminescent device drive cir 
cuit as defined in claim 2 wherein said control switches 
are thin film transistors. 

4. A thin film electroluminescent device drive circuit 
comprising: 

a DC power source; 
a storage capacitor having a positive and a negative 

terminal, said storage capacitor being charged by 
said DC power source; 

an electroluminescent means having first and second 
terminals, for emitting light in response to an ap 
plied charge, said first terminal being connected to 
a ground; 

a first control switch for connecting said DC power 
source and the positive terminal of said storage 
capacitor; 

a second control switch for connecting the negative 
terminal of said storage capacitor to a ground; 

a third control switch for connecting the positive 
terminal of said storage capacitor to a ground; 

a fourth control switch for connecting the positive 
terminal of said storage capacitor to said second 
terminal of said electroluminescent means; 

a fifth control switch for connecting the negative 
terminal of said storage capacitor to said second 
terminal of said electroluminescent means; 

a sixth control switch for connecting said second 
terminal of said electroluminescent means to a 
ground; and 

means for controlling the charge and discharge of 
said storage capacitor so as to drive said electrolu 
minescent means with an AC pulse drive signal by: 
turning-off said third, fourth and fifth control 

switches and turning-on said first, second and 
sixth switches to charge said storage capacitor 
and to reset said electroluminescent means; 

turning-off said first and sixth control switches and 
turning-on said fourth control switch to supply a 
positive charge of said storage capacitor to said 
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electroluminescent means to perform a positive 
polarity drive; 

turning-off said fourth control switch and turning 
on said first and sixth control switches to dis 
charge said electroluminescent means and to 
charge said storage capacitor with said DC 
power source, 

turning-off said sixth, first and second control 
switches and turning-on said fifth and third con 
trol switches to supply a negative charge of said 
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10 
storage capacitor to perform a negative polarity 
drive, and 

turning-off said fifth and third control switches and 
turning on said sixth, first and second control 
switches to discharge said electroluminescent 
means and to charge said storage capacitor with 
said DC power source. 

5. A thin film EL device drive circuit as defined in 
claim 1 wherein a capacity of said storage capacitor is 
larger than a load capacity of said electroluminescent 

caS. 
k . . . k. 


